Resin composite shades and resin composite polymerization performed with a distanced light tip are factors that can affect polymerization effectiveness. This in vitro study aimed to evaluate the influence of curing tip distance and resin shade on the microhardness of a hybrid resin composite (Z250 -3M ESPE). Forty-five resin composite specimens were randomly prepared and divided into nine experimental groups (n = 5): three curing tip distances (2 mm, 4 mm, and 8 mm) and three resin shades (A1, A3.5, and C2). All samples were polymerized with a continuous output at 550 mW/cm 2 . After 24 hours, Knoop microhardness measurements were obtained on the top and bottom surfaces of the sample, with a load of 25 grams for 10 seconds. Five indentations were performed on each surface of each sample. Results showed that bottom surface samples light-cured at 2 mm and 4 mm presented significantly higher hardness values than samples light-cured at 8 mm. The resin shade A1 presented higher hardness values and was statistically different from C2. The resin shade A3.5 did not present statistical differences from A1 and C2. For the top surface, there were no statistical differences among the curing tip distances. For all experimental conditions, the top surface showed higher hardness values than the bottom surface. It was concluded that light curing tip distance and resin shade are important factors to be considered for obtaining adequate polymerization. DESCRIPTORS: Composite resins; Hardness.
INTRODUCTION
Light-activated resin composite, introduced in the 1970s, revolutionized clinical dentistry by maximizing working time and minimizing setting time cal properties and light curing devices have permitted their use in posterior teeth with greater reliability than was the case some years ago 7, 9 . In order to obtain optimal physical properties and clinical performance in resin composite restorations, it is necessary for a dental resin composite to have the most possible quantity of its monomer converted to polymer during the polymerization reaction 19 . Effective polymerization of the adhesive bond system and resin composite is required to obtain long-term clinical success.
However, there are many variables that affect the amount of light energy received at the top and bottom surfaces of a resin composite restoration, resulting in ineffective polymerization, such as the design and size of the light guide, distance of the light guide tip from the resin composite, power density, exposure duration, shade and opacity of the resin composite, increment thickness and material composition 4, 11, 16 . If the restoration does not receive sufficient total energy, various problems may arise, e.g., reduced degree of conversion, increased cytotoxicity, reduced hardness, increased pigmentation, decreased dynamic elasticity modulus, increased wear, increased marginal breakdown and weak bond among the tooth, adhesive and the restoration 5, 11, 16 . The distance of the light guide tip from the resin composite is a factor that is difficult to control, because it depends on the caries progression, the cavity size and cavity position. When the distance is greater than 2 mm, the light dispersion of the light curing unit increases, and it becomes difficult to obtain effective polymerization. Clinically, deficient polymerization can happen in deeper Class I and Class II cavities, due to the dispersion of light energy that occurs because of the distance between the light curing tip and the first resin composite increment 10 . In a deeper Class II cavity, the interface between the first increment of resin composite and the tooth structure may be less polymerized, and exposure of this interface to the oral environment can generate marginal discoloration, restoration fractures and resin composite and adhesive solubility, leading to microleakage and secondary caries. If the less polymerized resin composite comes into contact with the pulpal and axial walls of the cavity, the remaining monomer can result in postrestorative sensitivity, because of its toxicity. These monomers can easily diffuse inward beyond the dentin and cause an inflammatory reaction in the pulp, resulting in sensitivity. If this process continues unchecked, the inflammatory process can cause pulp necrosis 2 . Few studies have been carried out to determine the depth of resin composite cure in situations in which the light curing tip is distanced from the filling material, as in the above-mentioned clinical situations. Thus, this study hypothesizes that in the deeper increments of a cavity, light shade resin composites can be used to obtain adequate polymerization, since they do not have any esthetic involvement. When the increment is close to the light curing tip (last increment), the correct resin composite shade (usually darker shades) can be used. The aim of this in vitro study was to evaluate the effect of light curing tip distance and resin shade on the hardness of the top and bottom resin composite surfaces.
MATERIAL AND METHODS
To conduct this study, a hybrid resin composite Z250 (3M-ESPE Dental Products, St. Paul, MN, USA) was used. Forty five cylindrical specimens were prepared in Teflon ring molds, 4.0 mm in internal diameter and 2 mm in depth, held between two glass slabs separated by milar matrix strips (Dentsply, Petrópolis, Brazil), and then pressed with a 500 g static load. The cavity was randomly filled in one increment and polymerized according to nine experimental groups (n = 5): three curing tip distances (2 mm, 4 mm, and 8 mm) and three resin shades (A1, A3.5, and C2). All samples were polymerized with a continuous output at 550 mW/ cm 2 (XL 3000 -3M Espe -Grafenau, Germany) for 20 seconds. Polymerization was performed with the light tip positioned in a device, the light curing tip being 2 mm, 4 mm or 8 mm distant from the top surface of the sample (controlled by an electronic digital caliper -3M Corporate Headquarters, St. Paul, USA).
Each specimen was removed from the mold and stored in a lightproof container at 37°C and 95% ± 5 relative humidity for 24 hours. After this period, the samples were washed and the hardness on the bottom and top surfaces of each specimen was tested using a Knoop hardness test (FM -Future Tech Corp., Tokio, Japan) under a 25 g load for 10 s. Five measurements were taken at the approximate center of the specimen 9 . The values obtained in micrometers were converted to Knoop Hardness Number (KHN) in a computer software (Excel for Windows ® -Microsoft Ind., CA, USA). The Knoop hardness results of the top and bottom surfaces were submitted to subdivided par-cels ANOVA (Split Plot) test (p = 0.05) and Tukey's test at the 5% significance level. The factors light curing tip distance and resin shade were considered in the parcels and the factor surface (top or bottom) was considered in the sub-parcel.
RESULTS
The microhardness test results are presented in Tables 1 and 2 and Graph 1. ANOVA revealed significant differences among the factors light curing tip distance and resin shade, and a double interaction between curing tip distance and surface. Tukey's test was applied to individual comparisons (p = 0.05). Within the light curing tip distance, bottom surface samples light-cured at 2 mm and 4 mm presented higher hardness values than samples light-cured at 8 mm (Table 2 ). For the top surface, there were no statistical differences among the curing tip distances (Table 1) . Within the factor resin shade, there were statistical differences only on the bottom surface (Tables 1 and  2 ). A1 showed higher hardness values which were statistically different from those of C2. A3.5 did not show any statistical differences from A1 and C2 (Table 2) . For all experimental conditions, the top surface showed higher hardness values than the bottom surface.
DISCUSSION
This investigation evaluated the influence of the resin composite shades and the distance between the resin composite and the light-curing tip on the microhardness of the top and the bottom resin composite surfaces. The results showed that for the top surface, there were no statistical differences for the studied factors. However, for the bottom surface, there were differences in the two factors studied. For all experimental conditions, the top surface showed higher hardness values than the bottom surface. These results demonstrated that there was a need to use light resin composite shades in all experimental distances of the light-curing tip from the top surface of the resin composite.
Adequate polymerization is a crucial factor in obtaining an optimal physical performance of these materials 6 , and it is related to better clinical performance. However, there are many variables that affect the amount of light energy received at the top and bottom surfaces of a resin composite restoration. Among these factors, the distance of the light guide tip from the resin composite and shade and opacity of the resin composite were analyzed in this study. The results of this study showed that these two factors were capable of affecting polymerization microhardness. Clinicians must be careful when they are faced with a clinical situation in which the pulpal, axial or the gingival walls of the cavity are distant from the light guide tip and a dark resin shade is to be used. Results showed that resin shade is a factor that can alter polymerization efficacy. In this study, for the bottom surface, A1 showed highest hardness means and was statistically different from C2. A3.5 resin shade presented intermediate hardness means and did not show statistical differences from A1 and C2. Light transmission through the dark shades is diminished because of opacity 13 . Opaque shades decrease the capacity of the light to penetrate into the bulk of the resin composite 8 . However, different resin composites of the same Vita shade have different color values, and large quantitative color differences were detected among different resin composites of the same Vita shade 14 . Thus, it is possible to find different results in the literature, and these results can vary according to the composition of the resin composite used.
Another factor studied was the light guide tip distance. Results showed that, for the bottom surface, the 2 mm and 4 mm light tip guide distances did not show significant differences, but both distances were statistically different from the 8 mm light tip distance. These results are in agreement with those of Correr Sobrinho et al. 4 (2000) and Caldas et al. 3 (2003) , who stated that resin composite polymerization depends greatly on the distance from the curing tip. Prati et al. 10 (1999) demonstrated that the distance between the light guide and the resin composite can affect the light intensity, and that 1 mm of air reduces light intensity by approximately 10%. In addition to the distance, another factor that attenuates light intensity is the resin composite. This may explain why only the bottom surface was affected by the two factors studied.
On the top surface, no significant difference in hardness was observed among the experimental groups. This statement is in agreement with the Yap et al. 18 (2003) study, which concluded that the top surface hardness of resin composites was less dependent on light intensity than the bottom surface. In this study, both factors did not influence the hardness of the top surface. However, the results showed that, on the bottom surface, the distance of 8 mm and the C2 resin shade significantly decreased the hardness of the resin composite. The resin composite has the property of dispersing the light of the light curing unit, thus when the light passes through the bulk of the composite, light intensity is reduced due to the light being scattered by filler particles and the resin matrix 4, 10, 18, 19 . Yap et al. 18 (2003) stated that the hardness ratio between bottom and top surface should be "1" in order to consider the polymerization completely effective, but a ratio of up to "around 0.8" could be considered as an adequate polymerization. In this study, the results showed that the ratio was between 0.49 and 0.42 for groups in which the light guide was 2 and 4 mm distant, and between 0.32 and 0.27 for groups in which the light guide was 8 mm distant (Table 3) .
This lower ratio was affected both by resin composite increment (2 mm) and the high distance from the resin composite to the light source. Both the studies by Soh et al. 15 (2003) and Yap et al. 18 (2003) showed ratios between bottom and top surfaces of 1 to 0.84 for the former and 0.97 to 0.69 for the latter, but in both studies the light guide tip was closed to the resin composite top surface. In some situations, clinicians can be faced with cavities 8 mm deep or more, and as the distance between the light guide and the floor of the cavity is a factor that is difficult to control, mainly in Class II cavities, the 2 mm increment should be reconsidered. Rueggeberg et al. 12 (1994) suggested an increment of 1 mm as a way of improving resin composite polymerization and Atmadja, Bryant 1 (1990) concluded that optimum polymerization is obtained with a greater degree of certainty by re- 10 (1999) recommended increasing the polymerization time when the cavity is deep. The present study suggested that in deep cavities, dark shade resin composites should be avoided, and that the dark shade should only be used for the last increment when it is esthetically necessary.
CONCLUSIONS
Within the limits of this study, it can be concluded that:
• For all experimental conditions, the top surface showed higher hardness than the bottom surface.
• Light curing tip distance and resin shade are important factors to be considered for obtaining adequate polymerization.
